Recently, multi-planar reconstruction of the three-dimensional (3D) spiral chest CT scan has demonstrated superiority in the evaluation of the tracheobronchial tree. The goal of this study was to measure the lengths of the right and left main bronchi and their anteroposterior (AP) and transverse (TR) diameters using the 3D and two-dimensional (2D) images in the same adult respectively, and to evaluate the degree of correlation between them. Methods: We measured the lengths of the right and left main bronchi from the carina to the first of their branches and the AP and TR diameters at the mid-portion of the right main bronchus and 2 cm below the carina in the left main bronchus. We determined the size of the left-sided double-lumen tube (DLT) based on the measured AP diameter of the left main bronchus from the 3D and 2D images, respectively. Results: There was moderate correlation between the lengths of both main bronchi obtained from the 3D images and the 2D images, and between the AP diameter of the left main bronchus obtained from the 3D images and the 2D images. Same sized DLTs were estimated in 69% of the men and 34% of the women.
Introduction
The anesthetic management for cardiothoracic surgery has often used the double-lumen tube (DLT). If an anesthesiologist chooses an inappropriate DLT size, an air leak can occur when using an undersized DLT, and the bronchus can be injured when an oversized DLT [1, 2] . Therefore, choosing an appropriately sized DLT is very important, and this becomes possible if we know the bronchial diameter in patients and the outer diameter of the DLT bronchial tip.
There is no currently used standard modality for estimating the length and diameter of the bronchial lumen. Studies on the method of measuring the length and diameter of the main bronchi have been attempted [3] [4] [5] [6] [7] [8] [9] . A method which may be easy and less harmful to the patient is the radiologic method such as a simple chest X-ray (CXR), computerized tomography (CT), and magnetic resonance imaging (MRI). Although the capabilities of CT and MRI have been extended to include assessment of the tracheobronchial tree [4, 5, 9] , the images of the bronchial lumen appear as elongated shapes in the two-dimensional (2D) images because the main bronchus is in an oblique orientation through the horizontal plane [4] .
However, multi-planar reconstruction (MPR) of the spiral chest CT scan provides three-dimensional (3D) images from combining the 2D images, and the angle of the bronchial structure can be adjusted on 3D images. This technique has been used recently to obtain the most accurate measurements of the length and diameter of the main bronchi [10, 11] . In clinical practice, a 3D spiral chest CT scan is not performed as part of the evaluation of pulmonary parenchymal diseases except for bronchial lesions because it is not superior to 2D spiral chest CT in diagnosing pulmonary parenchymal disease, and additionally, it costs more.
The goal of this study was to measure the length and the diameter of the main bronchus using the 3D and 2D images in the same adult patients, respectively, and to evaluate the degree of correlation between them.
Materials and Methods
We obtained written informed consent for all patients after Institutional Ethics Review Board approval. We conducted the current prospective study in 160 adults, comprising 80 men and 80 women, aged between 21 and 78 years old who were scheduled to undergo a spiral chest CT scan for medical diagnosis or health screening. The obtained sample size was 67 based on 90% statistical power and a minimal correlation coefficient of 0.4 collected in the pilot study. We intended to investigate different properties in the men and women. We wanted to exclude patients showing airway pathology such as carina or main bronchus tumors or extrinsic compression of the main bronchi in the present study. Demographic data were recorded such as the age, height, weight, and sex. Spiral chest CT scanning was performed for all patients during a normal end-inspiratory breath hold. The following homogeneous technical parameters were used for the definition dual-source computed tomography (DSCT; SIEMENS Medical Systems, Erlangen, Germany): collimation was 0.75 × 16 mm and acquisition time was 7 seconds. The data were transferred to a stand-alone workstation (Syngo TM ; SIEMENS Medical Systems, Erlangen, Germany) to reconstruct images of 1-mm thickness at intervals of 1 mm. After measuring the 3D images, the image data was converted into 2D images using conventional radiologic methods. To minimize measurement errors, all of the measurements were performed twice on the 200% enlarged image and the values were averaged.
On the 3D images, we could get the desired slice and adjust the angle freely. A single anesthesiologist trained by the radiologist attempted to obtain strictly orthogonal slices of the right and left main bronchial axes, as shown in Fig. 1 . We measured the lengths of the main bronchi from the carina to the line which was right angles to the bronchial wall at the branches starting from the upper lobe. We measured the diameters (anteroposterior, AP; transverse, TR) of the mid-portion of the right main bronchus, and the diameters (AP, TR) of 2 cm below the carina of the left main bronchus because the bronchial cuff of the leftsided DLT often has its highest diameter 2 cm distal from the carina in conventional use.
On the 2D images, the measurements of length of the main bronchi were performed from the carina to the line, which was a right angle to the bronchial wall at the branches starting from the upper lobe. The measurement was performed over some slices in a way that overlapped on 2D images, if this was necessary. The measurements of the diameters (AP, TR) of the main bronchi were performed on the axial images through the midpoint of the inner line, which was at right angles to the bronchial wall 2 cm below the carina of the left main bronchus or half-way along the right main bronchus, respectively.
After collecting the data, we examined whether there was a significant correlation between the measured values on the 3D and 2D images. We also obtained the median and range of differences in values by subtracting values measured on the 2D images from the values measured on the 3D images. Incidentally, we determined the size of the left-sided DLT (BronchoCath TM , Mallinckrodt, St. Louis, MO, USA) based on the measured AP diameter at 2 cm below the carina of the left main bronchus from the 3D and 2D images, respectively. [5] . The data were given as the mean (SD) or median (range) using descriptive statistics. The unpaired Student's t-test was used to test significant differences of the demographic data between men and women. Linear regression analysis was used to evaluate how the length and diameter of the bronchus on the 3D images related to those on the 2D images. A SigmaPlot for windows version 12.0 (Systat Software, Inc., San Joes, CA, USA) was used for all the analyses. P values less than 0.05 were considered statistically significant.
Results
The data of 160 patients (80 women and 80 men) were analyzed. Height and weight differed according to sex (Table 1) . The lengths and diameters of the main bronchi were described in Tables 2 and 3 . The measured mean lengths of the left main bronchus on 3D images were longer than those on the 2D images in men and women, but the measured mean lengths of the right main bronchus on 3D images were shorter than those on 2D images in women. The measured mean AP diameters of the main bronchi on 3D images were longer than those on 2D images. The measured mean TR diameters of the main bronchi on 3D images were smaller than those on 2D images. The differences in values of the AP diameters of the main bronchi between data measured on 3D and those measured on 2D images were also smaller than those of the TR diameters (Tables 2 and 3 ). The ratios, which were over or underestimated values on 3D images based on the values measured on 2D images, are described in Table 4 . The degree of correlation of the length and diameter of the main bronchi between the data measured on 3D and on 2D images is described in Tables 2 and 3 .
After choosing the left-sided DLTs based on the AP diameter measured 2 cm below the carina of the left main bronchus from the 3D and 2D images, respectively, the same sized DLTs were expected in 69% (55/80) of the men and 34% (27/80) of the women. Values are given as number or mean ± SD. *P < 0.05.
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Discussion
Kauczor et al. [12] concluded that 3D, based on thin overlapping sections, visualized the normal airways down to the segmental level and could provide an accurate road map for the central airways. We investigated the degree of correlation between the values measured from the 3D and 2D images because 3D spiral chest CT scanning is rarely performed in clinical practice. In our study, a strong statistical correlation was not found; therefore, the values of 3D images cannot be estimated from the values measured using 2D images by the regression equation. However, correlation values of the length of the main bronchi and the AP diameter at 2 cm below the carina of the left main bronchus showed a moderate association (0.4-0.7) [13] in men and women.
The range of differences between the values of the AP diameter at 2 cm below the carina of the left main bronchus measured from the 3D and 2D images was great in our results. The difference of the outer diameters of the bronchial lumen in the size of the left-sided DLT (BronchoCath TM , Mallinckrodt, St. Louis, Values are mean ± SD or median (range). 2D: two-dimensional image, 3D: three-dimensional image, LMB: left main bronchus, RMB: right main bronchus, AP: anteroposterior, TR: transverse, NS: not significant. 3D-2D: subtraction 2D from 3D. R values: correlation coefficient between 2D and 3D, P values: correlation significant between 2D and 3D. *P < 0.05 by t-test between 2D and 3D. Values are mean ± SD or median (range). 2D: two-dimensional image, 3D: three-dimensional image, LMB: left main bronchus, RMB: right main bronchus, AP: anteroposterior, TR: transverse, NS: not significant. 3D-2D: subtraction 2D from 3D. R values: correlation coefficient between 2D and 3D, P values: correlation significant between 2D and 3D. *P < 0.05 by t-test between 2D and 3D. images, respectively and then observed the degree of match. A good matching of 69% was observed in men, but a fair matching of 34% was observed in women. The left-sided DLT selected by 2D images might be used without major problems in men, but caution needs to be observed in women.
We tried to measure the exact length of the main bronchus for some slices in a way that there was an overlap on 2D images. The lengths of the left main bronchus measured on 3D images were higher than those measured on 2D images in men and women, but the lengths of the right main bronchus were smaller in women. These differences were due to an obliquely oriented main bronchi through the horizontal plane. More reliable values of the length might be obtained using 3D images [10] . So, the right-sided DLTs selected by measured bronchial diameter from 2D images should be used very carefully in women because they have a much smaller positioning margin of safety [14] .
Studies for choosing the left-sided DLT based on the measured diameter of the left main bronchus measured on a 2D CT scan have been attempted [4, 5] . Hannallah et al. [4] showed that an oversized DLT was selected for 5 out of 32 men (15.6%) and 7 out of 18 women (38.9%). Chow et al. [5] showed that an oversized DLT was selected for zero out of 12 men (0%) and 3 out of 8 women (37.5%). The mismatch rate was greater in women than in men. In anatomy, the right main bronchi pass inferolaterally and the left main bronchi pass inferoposterolaterally from the termination of the trachea to the hila of the lung. Since the main bronchus is oblique through the horizontal plane, the images appear elongated, and the ratio is consequently increased on 2D images [4] . The real value cannot be accurately measured in 2D CT scans. With recent advances in multi-slice spiral CT scanner technology, slice thicknesses can be less than 1 mm. Whatever the original images, MPRs are usually indicated to visualize the intraluminal morphology of a tubular structure and can be obtained in real time [15] . Numerous reconstruction algorithms can be applied on a slab: shaded surface display (SSD), maximum intensity projection (MIP) or minimum intensity projection (mIP), volume rendering technique (VRT) [15] . VRT segmentation and rendering steps require much more computer power than SSD or MIP since all the data are used [16] . An advantage of VRT over SSD is that 3D-VRT is better than transverse images to analyze the morphology, site, and extent of the budding of a tubal structure [15] . The 3D-VRT method was used in our study.
Our study had some limitations. The adequate size of the leftsided DLT was not checked by directly intubating with the leftsided DLT, which was chosen by the AP diameter from the 3D and 2D images, respectively.
Our results showed that the lengths of the right and left main bronchi and their AP and TR diameters obtained from 3D images were not strongly correlated with those from 2D images. Therefore, a further study is needed to verify the superiority of 3D images in selecting the appropriate size of left-sided DLT.
